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SUMMARY 

•This re;oort •oresen'ts the results of test.^ of p. -model of 
a tKin-eng'ine 'in.rsult s^irpl^ne, Tt'/o T'inps ^-tfeve investi^-ated, 
an NACA 230-series ^-.ang ^.nd a highly cpmbered MACA 66-seriGs 
Kingo Auxiliary control fla'os irero tested in combiration 
''ith each of the v^-in^s, 

Dpta sho"'^ing* the coiTorrison of the hirh-3;oee(^ aero- 
dynamic chpracteristics of the model ."^'hen ccuipped vith 
each of the -^inrs, the effect of the auxiliary control flaps 
on the aerodynamic characteristics, and the elevrtor effec- 
tiveness for the model '-ith the 66-series '•'"inp; pre -oresented* 



INTRODUCTION 

A model of e t'-'i:i-enp^ine "oursuit pirplane v,os tested*, 
previously in the hijii-sToeed ^'ind tunnel p.t the /-.mies Aoro- 
nputicpl Laboratory to determine, amonp; other thinrs, the 
relative merits of pn NACA r:?0-scries •■^inf pnd nn N--iC.-t 
66-series "^-^ing cambered for pn optimum lift coefficient of 
0.1 at the root (reference !)• Results of that investira- 
tlon led to the belief that a more highly c-^mbered 6c-series 
f'^T-ing might extend the usable Mach number range for the air- 
plane oven more than did the lO'-r-cambered. '^ing* 
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Tests of p similar rir-olpne model hirh --peed iRdicated 
that auyiliary control flails ^-ere effective in iDroclucing forces 
end moments tendinr to -oull the airplane cut of hip-h-sr)eed 
dives (reference 2). It v'as desired to aetermine if such 
puyili?ry control fla-.os T-.^culd he effective on the model reported 
on herein and, if so, the ontimum loc?tion of the fla-os. 

The. specific "ouroosRS of the present investip-ption ---ere 
PS fcllo--'s: 

1, To com-'Dare the hip-h-speec aerodynamic character- 
istics of the model having" an KACA 230-series ^-ing ^'ith those 
of a model havlne a highly cambered NACA 66-series -.^ing 

2, To determine the effectiveness, in -oroducing- pull- 
out forces ?nd moments, of auxili-^ry control flops in combin- 
ation -'ith the 230-series ^-'ing- 

3, To determine the effectiveness, in ^roducinr pull- 
out forces pnd moments, of auyiliary control flaps in comDin- 
ation ^''ith the highly cambered 66-series "'ing 

To determine the variation of el'-n^?tor effectiveness 
•'1th i-isch number for the model equipped -"ith the hi"hly ccm^ 
bered 6c-serie3 • ing 

The investigation vas con'^ucted in the Ames l6-foct high- 
speed v'ind' tunnel at the reouest of the Air Material Command, 
U, S, Arm,y Air Forces.' 
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A description of the model "'ith the NACA 2?0-series -'ing 
pnd f'e large booms mpy be found in reference 1. The l?rge 
booms vere used in ?11 of the present tests. A three-vie^-- 
dra-^iPff of the model is -sho^m in fifaire 1 pnd a photogrppn of 
the ^.-ind^ tunnel setup in figure 2. Some of the pertinent 
dimensions .-■■ro olren in the folio- ing table: 
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?30-serles 

^'ing- are^^ sq ft if.Gj 

Mean peroc'^ynaniic chord, ft l«5-5 

Horizontal tail area, 

so ft 3.62s 

Elevator area, s*^ ft 0,903 

Tall length, 25 ^Dercent M.A.C. 

to elevator hlng'e line, ft ^.979 

'•rinpr section (constant chord 

10 art of To-ing-) NACA 

23016 

'•'ing section, tip (2.17 i^. 

inboard from I'-lnp tip) NACA 

Incic^enoe, constant chord ^ 
part of -^incr^ degrees. • 2 

Incic'ence, tip section 0^ 

Stabilizer inci(^jnce 2^ 



Kigh.ly cambered 
6 c- series "•ang' 

16.67 

1-525. . 

3.623 
0.903 



^•97 



NACA 66,2-.iil6 
(p = O.S) 



NACA 66,2-616 
■ (a - 0.5) 

0^ 

oo 

0^ and 2^ (noted 
in figures) 



Each of the auxiliary control flaps hac^ a. spa^n of 
12 inches anci a constant chord of 1.^2 inches (lO percent 
of the I^oA. G.). The oiatboard fl^'js ''ere mounted .lust 
outbopj:*c' of the booms, as sho^-n in figure 3; the inboard 
flaps betT-^een the booms and the fuselage. The hinge line 
T-^as located at the various chcrd'.^ise positions noted in the 
figures. The flap angle inc"^ icatec' ".^as the angle betT-reen 
the flap anci the lo^-^er surface of the vrlng:. 



SYIBOLS 

Symbols used in this re^ocrt are defined as folloT-rs: 
free-stream velocity, feet loer second 
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free-st;ream c^^^n^mic pressure i^P V^)^ pounds 
per souare foot 

Kach nunber { -~ ^-^i 

\^ velocity of sound / 

S '^inr arep, square feet • ■ . . 

K.A. C. mean ^^erodynanac chord; feat 

Cl lift coefficient (^~|^) 

Cd drag coefficient (^^|f^^ 

CrfiQ^^- pltching-moment coefficient 

( nitchinpT moment about the center of pr^vity\ 
^. J 

Cn section normrl-force coefficient 

( section normal forced 
^ J 

( -Positive v-hen acting up-"arc-J 
0 section chord^ f-^ot 

a anpj.e of attack me'-^sured from the fuselage reference 

iine, degrees 

ACl increment of lift coefficient due to the extension 

of the auxili'^ry fl^Dv^ 

Z^C^ increment of crag coefficient due 'to the' extension 

of the auxiliary flaDs 

AC^T^ increment of pit ching-mom.ent coefficient due to the 

extension of the ^^uxilipry fl-'^ps or to the deflec- 
tion of the elevator 

? pressure coefficient 

( lo^^l static pressure - f ree-stream static pressure 
^ ■ P 

v-^lue of P rt T^'^hich the loc^^l velocity reaches the 
loc-1 velocity of sound 



ri^cr valu.e of M ?t Hn.ich ''"ihe local ^'elocity re.T.chep the 

loc::=l velocity of nound 

5e elevpuor dc: flection^ derreep (Popltix^e ^-^hen the 

tra^ilinr ed.re cove 8 do^-^n. ) 

it f'tabili^er anrle of incidence, de.2*ree{? (iCpp^une? 

fror: the fupel^-ge reference line,) 

accel^ rp.tion of r-r'-'.vity, feet oer second "oer second 
SuDPcr'/ots 

U voper p-v.rface 

L loTArer surface 

?.SSULT3 

Correction of D.^.ta 

The same ta.re forcer and r^^cnient?^ anc . tunnel-^-^all correc- 
tionv? ^-^ere a"o-oliod to the data as ^•'-ere uped in the previous 
re'oort on the model (reference 1). The 'tunnel^-^^all correc- 
tion? ••'■ere f o11o't--^<^ : 

An^"le~of-attach correction (dp-r) := O..629.CL 

Dra c 0 e f f i ci en t correction O.OIOQ? Cr.^ 

Pitchin— noDent-coef f icient correction - O.Olp^ 

No correction? for flo^-^ inclination or constriction 
T-^ere ao'olied. 



Presentation of Re8i:.lt<=' 

The re^^ultn of the f^rce and. 'ore 8 sure rieac^urer.entp on 
the coirplete r.odel '•'ith the .• 230-.<=^erie8 ^-^ihg' and -^^ith the 
highly ca:7.bered t^-^e-^le^ ^- in;- are for.::'.'' in 'fif'nre? to 10. 
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Data obtai-iec'. from tests of aiixiliary flaps on the 
230-s3rios T-.^ing are found in fig/urcs 11 to 19 and from tests 
of flaps on the 66-series T'flng in fip^iires 20 to 27. 

Data o'otfined from tests with the elevator deflected and 
from tocts -.rith the t'TO stabilizer pnerles are sno"n in figures 
2g and 29. 

Discussion 

Comnaretive Characteristics of Ilodel -ith NACA^2?0-Series 
•fing"and of Kodel '-ith KigiUy Cambered NACA 66-'=eries -Ving 

As sbo-m in reference 1, the increase of static longitu- 
dinal stpbility, the shift of the lift coefficient for balance 
Pt constant elevator angle, ane the reduction of the m-ximum 
Tift coefficient at speeds above the critical .seriously 
the sioeeds to ^-^hich the airplane -ith the 250-series -mg could 
be aive'^ safely. The substitution of a 66-serics -mg, camoorod 
for 'a lift coefficient of 0.1 at the root, extended by approxi- 
mately'50 miles ^er hour the speed at ^-.rhich pull-outs from dives 
couia be mpde -"ithout these changes of stability nno. lii . cooxii- 
clent for balance; but the maximum lift coefficient -as consid- 
erably reduced at the test Reynolds numbers, it yas suggeut'.d 
in'-eference 1 that a more highly cambered t6-series uing^snoula 
m«ie"e a -reater maximum lift coefficient .a.vailable than die. tne 
low-cam.bored 66- series -ring, and might further increase .ne 
speed from T-hich nonmal pull-outs from dives could oe mace. 

Ti-^e Mft ora^, and pitching-moment characteristics of the 
model -'-ith the 2oOl series winpr and --ith the highly _^ cumbered 
66-s;ries T'ing are shown in figures_li to 6. As incrc^oed rn 
refer-nce ] hi^h-s-oeed lon.crituoinai- control oxfficaitxes -^l^.e 
mainly f T^om' the^increase of 'static longitudinal stabiliT;y and 
?he decrease of the lift coefficient for balance as the critical 
Mach number is exceeded. Figure ^'-(a) aho-s tnat tne^static 
lons-ituain-l stability, -oCm/dCL of the model v^itn uno 
230-series wing, increased from O.Odp ^/-^'-^^^ ^Tf Sc^^-^^e of 
to p^oT5roxi~«telY 0,^7 at a kach numoer 01 0.7-^7, an incroaoO 01 
^50 ^^^e?cent. Thro;.-h the same Mach num.ber range the lift coeffi- 
cient fo? b.'lance -ith the elevator neutral decreased from 0,7 
to 0.17. 
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The model eauipped with the-hiprhly cambered 66-series 
x.^in^' experienced an" increase of static lonritridinal stabil- 
Ity'^'of only about 60 percent T^rhen the Mach number Increased 
from 0.^91^ to O.'jk-J (fig. 5). This lesser chang-e of stabil- 
ity should make the airplane ^^ith the highly cambered Tfing 
more controllable at high Mach num^bers than it^would be with 
the 2cO« series ^-ring. The substitution of the 66-series 'Xing 
also reduced the change of balance ^^ith Mach number^ With 
this wing the lift coefficient for balance decreased from 
0.65 p.t a Mach number of 0,^91 to 0.5 at a Mach number of 
0-7^7. 

Fig-uras 7(rO to 7(d) compare, directly, the aerodynamic 
characteristics of the models equipped with the two T-rings. 
It is evident from figure 7(c) that at lift coefficients of 
0,5 anc 0.7 the highly cambered b6-series wing resulted in 
less drag at hi.c^h Kach numbers, while at a lift coefficient 
of 0.1 (fig. 7(b)) the miodel equipped with the 2oO-series 
^^ing showed less drag. Figure 7(^-) shows that the model 
ecui-oped with the 66^serios wincr attained higher Mach numbers 
before marked chancres in the lift coefficient for balance or 
the static lon^'itudinal stability occurred, especially at 
lift coefficients of 0.3, O.5, and 0.7; these changes in 
lift coefficient and stability are indicated xvhen the pitch- 
ing-^momont coefficient for a conctant lift coefficient 
diverges sharply* ■ 

Pressure distributions over the 66-series wing are 
shown in fir/ure S; pressure distributions for the ; 230-serios 
■:^ing may bc^ found in reference Ic Figure 9, which sho^-^s the 
critical Mach numbers of the wings as determLned from the 
pressure distributions, illustrates the fact that the critical 
s'-^eedi of the highly c^^.mbered 66~series xving was greater than 
that of the 230-serie3 ^-^ing at positive angles of attack. 
The difference amounted to'an increase of critical Mach 
number of about 0.125 -"t angle of attack of 4'^ or to about 
90 miles per hour ^-^t 20,000 feet altitude. 

Figure 10 shows a com.parlson of select edc character- 
istics for the 230^serieG wing, the low-cambered 66-serles 
wing (reference l), and the highly cambered 66-series wing. 
The^Mach number at which the pitching-moment coefficient 
begins to decrease, ^-^hon plotted as in figure 7(^), is 
considered the limiting usable M^ch number; because if this 
Ma.ch num^ber -^.-^ere exceeded the decrement of the pitchinK^moment 
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coefficient ( cou;:)lecl ^.-^ith the increase of static longl- 
tuoinr^l stability) would ma^.e pu?.l-outs from oivev^ difficulty 
The model, x-^hen enuippcd vith the hig-hly cambered 66-series 
XT-lng, had a higher limit of usable Mach numbers at lift coeffi- 
cients above 0^1 than it did -ifhon equipped rith the 22Cuseries 
wing,, and a higher limit for lift coefficients above 0.6 than 
did the model when equipped "-ith the low-cambered 66-serie3 
wing;" The maximum lift coefficient at a Mach number of 0,6 
with the highly cumbered 6c--series win^ -^^'as especially note- 
worthy, being ^'"crout lc»3^ as comp:^^red to lc.1 for the 230-.series 
wing and 0.^9 for the low--cambered 66-series wing (fig. lO), 
These maximum lift coefficients correspond to the^f ollowing 
normal ^ccelerptions at various altitudes: 



I „ .. j-j?jKir^^^yi^,,^ccelerp"tion y TT^ 0»_6»_ 

Altituc'e j Highly cambered ; E30--series i Low-cambered' 
(ft) 66-3erie3 ^'ing " T^inp: 66-series T-^ing 



i^C.OOO 



I cO^OOO_ 

'~ 20,000 
: To. OOP' 



r FIT 



5727 



"^'^2:1 



T779 



^57 



This additional maximum lift coefficient is especially valu- 
able for p high-altitude fighting airplane which may be 
required to develop large accelerations at high speed. 



Auxiliary Control Flaps in Combination 
With the 230-Series Wing 

Wind-tunnel tests of ether models (reference 2) indicate 
that puxili^rv control flaps of the type used in this test 
usually cause forces and moments to be developed which pro- 
duce positive normal acceleraticns. The results of refer- 
ence i pnd of the present tests indicate that the airplane 
will develop moment and stability changes at high Mach numbers 
which will oppose recovery from high-speed dives. The use of 
auxiliary control flaps should provide additional control for 
recovery from such dives. 

Experience indicates that the use of flaps on the wing 
near the center of the span may result in tail buffeting and 
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shaking-. Because of this consideration, mosi: of the flips 
tested in this investigation ifere installed outboard of the 
boons '-here the i^lng walce would have less effect on the tall. 

Fir'xires 11 to l6 show the additional pitc'-in^-nbmflnt 
coefficient and drag- coefficient which resulted'froir- the ' 
flaps at various locations. Uslno- the criteria that t'le 
reciuireraent for auxiliary control^ flaps is the develoTomont 
of positive (climbing-) mon-.ents --.'hen the. fle.tjs are deflected, 
an analysis of the figures indicates that the 20-ioercent- 
cnora^ location is the best location for the outboard flaps, 
and that a 4-5° flap opening gave almost as much additional-- 
pitching moment as did the 60° opening. Lift, a r as-, ' and 
pitching-momont characteristics of the- model with the^ cut- 
boa.rd 45 auxiliary flaps at ?0 percent of the wins chord 
a-re i3resented in figure IJ, and ^-^ing and' flap pressure distri- 
butions are presented in fie-ure Ig. The figures show that ' 
at low lift coefficients positive roltchiner-monent-coef f i- 
cient increments of. as much as 0.1 may be^exioected from the 
use of these flaps. Assuming that the deflection of the 
flaps would have no effect on the floating angle of the 
elevator and using the data presented in fic-ures 4'(a) and 
17, if the airplane i/ere trimmed in a steady rlide at r, 
■Mach number- of O.747 at 20,000 feet altitude (Cl apnroxi- 
m.ately 0,1^), the extension of the flaps '-'ould produce a 
normal acceleration of about l,9g with" no force"- on the stick. 

Section normal-force coefficients with the flaps 
retracted and ^-'ith the fla.Ds open are plotted in figure IQ, 
These coefficients were obtained from, the "creasure distri- 
butions. The actual m.agnltude of the coefficients may be 
subject to some ei-ror, as the comnlete pressure distribu- 
.tions were faired from data obtained at' only six Doints on 
■eaph surface of the wing. However, the data, show* thf^t the 
total section normal-force coefficients increased markedly 
when the flaps were deflected, especially at the hip-her 
Mach numbers and, as one would expect, the- flaps affected 
the pressures on both the upper a.nd lo^-er surfaces of the' 
wingi The data from force tests: a-lso show an incre-^co of 
the "effectiveness of the flaps at the hio-h Kpch numbers 
(fig. 11). 
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Auxiliary Control Fa-^ps in Combination 'flth 
the Highly GamDered 66-Serles '^ing 

Tests of ."uxiliery control fla-os outboard of the booms 
on the hig-'-'ly cp.mbered 6c-series ^-'ing showed that neg-ative 
(aWinc^) inoments resulted from the flaps at high Mach 
numbers >-athe-r than the desired climbing moments (fig. 20). 
Fi?ur>es'lP ana 22 to 2^ sho'-r that the effect of the outboard 
flans o-o the section normal-force coefficient, on the total 
lift coe-f"f icient, ^na on the moment of the wing wps quite 
similar for the 230-series ^■■■'inp- and for the highly c^mbsred 
66^3e^ies ^cine; hence it is surnrislne^ that the effectiveness 
of the flaps in TDroa.ucing positive -oitching moments was not 
similar-. It is pos3ible~that the difference in flap effec- 
tiveness ^^as aue'to a difference in their effect on the down- 
wash at the tail resiilting from a difference in lift distri- 
bution. 

TbA puxili»^y control fla-os mounted inboard of the booms 
on the' of- series wing ?ave the desired climbing moments. Data 
obt^-^ir^ea fr-om tests of inboard flaps at several flap angles 
are^'shown in figures 25 and 2b, and the lift, drag, and it ch- 
ine moment characteristics of the mocel -ith the inboard ilaps 
at" 50 percent chord at S0° are shown in figure 2?. The clim.b- 
ing moment with the inboard flans tras undoubtedly due to tne 
increased aownwash at the t«il caused by the increase of lift 
coefficient on that nart of the ^-ing just ahead of the oail. 



Elevator Effectiveness 

The effect of elevator deflection on the pitching-moment 
coe^^ficient was determined for the model ecuip^oed with tne 
highly cambered 66-series wing. The results of the tests jitn 
the" elevator deflected are found in figure 2S. The effective- 
ness of the elevator decreased as the Kach number increased 
above 0.7. The elevator effectiveness as determined wion tae 
25^-seri-^s '-anc- on tbe' model did not aecrease appreciably as 
the Mach^'rumber exceedea 0.7, as is shown in reference 1. x^o 
reason foS the loss of elev.^^or effectiveness with the 6b-series 
Winer on the model is readily apparent, esiDecially since tae 
stabilizer effectiveness dCm/dit aid not change a;Toreciaoly 
as the Mach number increased (fig. 29). 
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CONCLUDING REMi^i^KS 

1, The high-speed p.erodyn?ir.ic charrotsristics of the 
model were inraroved by the subcstitntion of a hig-hly c?rir- 
bered NACA 66-serieG wing for an NACA 2S0-series wing, 
esr)eci°lly ■•'•ith rear.rd to the maximum lift coefficient at 
Iv-'ch numbers of about 0,6 (l.o^ for the 66-series wing as 
comrjpred to 1.1 for the 220-series ^.'ing) , pnd the lift 
coefficient available for pull-outs from high-speed dives 
(0.56 for tha 66--series ^'ing as compared to O.lg for the 
230^series wing at a Mach number of 0,7). 

2, The use of auxili^--ry control flaps on the 230-sories 
wln?r, either outboard or inboard ^.nd outboard of the booms, 
resulted in forces and oitchinc moments which would tend to 
■oull the airT5lane out of high-speed dives. The test results 
indicAted that the extension of the outbo;-rd flaps pt 20 
r^ercent of the wing chord to an an?lo of 450 xfould produce 

a normal acceleration -of about l,9g f^-o^n ^- steady glide at 
a Mpch number of 0.75» 

3, Auxiliary control flaps inboard of the booms on the 
hii^hly" cambered 66-series wins' were effective in producing 
forces pnd moments tendin? to^pull the airplpne out of high- 
speed dives, but flaps mounted outboard of the booms were 
not effective. 

1;, The elevator effectiveness when the model was 
eauipDcd with the highly cambered 66-series wing decreased 
PS the Kach number increased above 0,7. 



Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
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Figure 2.- The l/6-3cale model mounted In the l6-foot wind tunnel. 
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